This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. Key Words 14-thienyl methylene matrine • Nasopharyngeal carcinoma • Apoptosis • MAPK • Akt Abstract Background/Aims: Nasopharyngeal carcinoma (NPC) is a distinctive type of head and neck cancer with the highest incidence in South China. Previous studies have proved that matrine, a main alkaloid isolated from Sophora flavescens Ait, has antitumor activity against NPC. However, the effect is not so pronounced and the underlying mechanism remains largely unclear. Here we investigated whether 14-thienyl methylene matrine (YYJ18) that was derived from matrine could exert more effective suppression activity on NPC, along with the underlying mechanism. Methods: NPC cell lines CNE1, CNE2 and HONE1 were treated with YYJ18. Cell proliferation and apoptosis were determined by MTT assay and flow cytometry. Activation of mitogen-activated protein kinases (MAPK) and phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) pathways were determined by Western blotting and quantitative RT-PCR. Results: YYJ18 remarkably inhibited proliferation and induced apoptosis of all three NPC cell lines in a dose-dependent manner, especially in CNE2 cells. Furthermore, YYJ18 treatment significantly suppressed phosphorylation of p38 in CNE2 cells, but upregulated phosphorylation of extracellular signal-regulated kinase1/2 (ERK1/2) and Akt. Next, alterations in downstream signaling were found, including activation of BCL2-associated X protein (Bax), caspase-3 and inactivation of B-cell CLL/lymphoma 2 (Bcl-2). Conclusion: We demonstrate the potent inhibitory effects of 14-thienyl methylene matrine on NPC cells for the first time, which could be mediated by modulation of MAPK and PI3K/Akt pathways.
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Introduction
Nasopharyngeal carcinoma (NPC) is a malignant tumor of head and neck. And it is believed that Epstein-Barr virus (EBV), environmental carcinogens, ethnic background and dietary components all seem to play an important role in the development of NPC [1] . Therefore, NPC displays a characteristic geographical distribution, and is prevalent in Southeast Asia, the Mediterranean basin and the Middle East [2] . Take South China as an example, it is estimated that the annual incidence rate of NPC varies between 15 and 50 cases per 100,000 [3] . The concurrent combination of radiotherapy and chemotherapy has improved the prognosis of patients with NPC, but with severe toxic side effects and relatively low 5-year survival rate (50% to 60%). So the development of effective but less toxic therapies is necessary [4, 5] .
Sophora flavescens Ait is a well-known Chinese herbal medicine that has been widely used for the clinical treatment of viral hepatitis, atherosclerosis, arrhythmias and cancer in China for thousands of years [6] . As a main alkaloid from Sophora flavescens Ait, matrine (C 15 H 24 N 2 O) also exhibits a variety of biological activities such as anti-inflammation, antivirus, anti-fibrosis, anti-arrhythmia and immunosuppression [7] . Moreover, recent studies have reported that matrine also possesses antitumor activities by inhibiting proliferation and inducing apoptosis against a wide range of cancers, including lung cancer, gastric cancer, breast cancer and so on [8] [9] [10] [11] [12] [13] [14] . Accordingly, our previous study demonstrated that matrine significantly inhibited growth of human nasopharyngeal carcinoma cells in a dose-and timedependent manner. However, the cell viability in CNE2 cells was decreased by about 50% only at high dose (1.5 mg/ml) that might not be achievable in vivo. In order to improve the anti-tumour activity of matrine with less toxicity, we synthesized a derivative from matrine, 14-thienyl methylene matrine (C 20 H 26 N 2 OS, YYJ18 for short, Fig.1 ), which has been applied for a patent with application number CN201010188491.9 [15] . In present study, we focused on whether YYJ18 could exert inhibitory effect on growth of NPC cells in vitro at relatively low concentration, as well as the underlying mechanism.
The molecular mechanism responsible for matrine-induced apoptosis involves activation of mitochondrial and Fas/FasL pathways, partially through regulation of Akt-NF-kB signaling and caspase cascade [9, 10, 14, 16] . And we have demonstrated that inactivation of vascular endothelial growth factor-A (VEGF-A)/ERK1/2 pathway also contributed to the inhibitory effect of matrine on human nasopharyngeal carcinoma cells. We thus hypothesized that MAPK and PI3K/Akt pathways may also play a role in YYJ18-mediated growth suppression of NPC cells. Our findings provide a foundation for clinical application of YYJ18 in treating nasopharyngeal carcinoma.
Materials and Methods
Reagents YYJ18 (purity > 98 %) was provided by Dr Wang Lisheng (Guangxi University, Nanning, Guangxi, China) [15] . YYJ18 was dissolved in dimethyl sulfoxide (DMSO) to make a 1 M stock solution and stored at 4°C for further use. The final concentration of DMSO did not exceed 0.4% in cell culture.
Cell culture
Human NPC cell lines (CNE1, CNE2 and HONE1) were obtained from Cancer Research Institute of Central South University (Changsha, China). Cells were cultured in growth medium (RPMI-1640 medium, 10% fetal bovine serum, 100 kU/l penicillin, 100 mg/l streptomycin) at 37°C, 5% CO 2 and a humidified atmosphere.
Cell viability assay
The antiproliferative effect of YYJ18 on NPC cells was determined by [3-(4, 5- 
Flow cytometry assay
Cell apoptosis was determined by flow cytometry using the Annexin V-FITC apoptosis 
Quantitative RT-PCR (qRT-PCR)
Total RNA was extracted from YYJ18-treated CNE2 cells using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and quantified by spectrophotometry. Next, 1 μg of total RNA was reverse transcribed with the RevertAidTM First-Strand cDNA Synthesis Kit (Fermentas, Maryland, USA) according to the manufacturer's instructions. The sequences of primers were as follows: Bax: 5'-ATGGACGGGTCCGGGGAGCA-3' (sense), and 5′-TGCTCGATCCTGGATGAAACCCT-3′ (anti-sense); Bcl-2: 5'-TCGCCCTGTGGATGACTGAG-3' (sense) and 5'-CAGAGTCTTCAGAGACAGCCAGGA-3' (anti-sense); GAPDH: 5'-GCACCGTCAAGGCTGAGAAC-3' (sense) and 5'-TGGTGAAGACGCCAGTGGA-3' (anti-sense). Quantitative RT-PCR was performed with a SYBR Green PCR kit (Roche, Mannheim, Germany) using the StepOnePlus™ Real-Time PCR System (Life Technoligies, Carlsbad, NM, USA). The expression changes of genes were calculated using the △Ct method with GAPDH as internal control.
Western bolt analysis
After the treatment of YYJ18, CNE2 cells were harvested and lysed in ice-cold lysis buffer. By centrifugation for 15 min at 12,000 g and 4°C, the supernatants were collected and determined by BCA protein assay kit (Beyotime, Jiangsu, China). Equal amounts of protein (40 μg) were separated by SDS-PAGE and transferred to polyvinylidene difluoride (PVDF) membranes (0.45 μm, Millipore, MA, USA). The membranes were blocked with Tris buffered saline containing 0.1% Tween-20 (TBST) and 5% skim milk powder, and incubated overnight at 4°C with primary antibodies as follows: p-ERK1/2, ERK1/2, p-p38, p38, p-Akt, Akt, Bcl-2, caspase-3, Bax and GAPDH. Among them, antibodies against p-ERK1/2, ERK1/2, p-p38, p38, p-Akt and Akt were purchased from Cell Signaling Technology (Danvers, MA, USA) and used at a concentration of 1:1,000, while antibodies against Bcl-2, caspase-3, Bax from Proteintech Group (Chicago, IL, USA) at 1:1,000 and GAPDH from KangChen, (Shanghai, China) at 1:10,000. After washed with TBST, the membranes were further incubated with HRP-conjugated secondary antibody (1:1,000, Cell Signaling Technology, MA, USA) for 1 h at room temperature, and finally developed with an electrochemiluminescence system (ECL) (Thermo Fisher Scientific, MA, USA). The densitometry of the protein bands were measured using the Gel Image Analysis system (UVP) and normalized to their relevant controls.
Statistics
Data were shown as mean ± SD. Differences between groups were analyzed using one-way ANOVA. A p-value < 0.05 was considered statistically significant.
Results
YYJ18 decreased cell viability in NPC cells
Three human NPC cell lines CNE1, CNE2 and HONE1 were observed to assess the effect of YYJ18 on growth of nasopharyngeal carcinoma. As shown in Fig. 2, when 
control vehicle group (0 μM), YYJ18 markedly inhibited proliferation of all tested cell lines in a dose-dependent manner (p < 0.05), which was most pronounced in CNE2 cells with 600 μM, indicating that YYJ18 could suppress the growth of NPC cell types in vitro. Also, here the highest concentration of YYJ18 was 600 μM, much lower than reported dose of matrine (1.5 mg/ml) in our previous studies. It implied that 14-thienyl methylene matrine might provide better outcomes and less toxicity than matrine. 
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YYJ18 induced apoptosis in CNE2 cells
Given the promising results for CNE2 cells, we incubated CNE2 cells with YYJ18 for follow-up analysis. Treatment with YYJ18 in CNE2 cells resulted in significant induction of apoptosis by 10.87% in 50 μM group, 15.7% in 100 μM group and 19.6% in 200 μM group (Fig. 3) . And even at the lowest concentration level (50 μM), the percentage of early apoptotic cells was still higher than control vehicle group (6.47%), though no significant difference was observed between them. It was indicated that YYJ18 could dose-dependently trigger apoptosis in CNE2 cells, consistent with the results from MTT assay.
YYJ18 activated phosphorylation of p38 and inhibited phosphorylation of ERK1/2, Akt in CNE2 cells
To identify whether MAPK and PI3K/Akt pathways are involved in YYJ18-induced apoptosis, the expression levels of p-ERK1/2, p-p38 and p-Akt in CNE2 cells were tested by Western blot. When cells were incubated with different concentrations of YYJ18 for 48 h, YYJ18 dose-dependently reduced phosphorylation levels of Akt and ERK1/2 compared with vehicle (p < 0.05), but promoted phosphorylation of p38 (Fig. 4) . Then we exposed CNE2 cells to 200 μM YYJ18 for 0, 24, 48, 72 and 96 h, so as to explore time dependence of YYJ18-mediated regulation. It was found that the expression levels of p-ERK1/2 protein gradually declined and reached a plateau at 72 h. These results suggest that YYJ18 may stimulate apoptosis in NPC cells through regulation of MAPK and PI3K/Akt pathways.
YYJ18 increased Bax and caspase-3 expression but suppressed Bcl-2 expression in CNE2 cells
To further elucidate how YYJ18 induces apoptosis, downstream molecules of MAPK and PI3K/Akt pathways were investigated. In YYJ18-treated CNE2 cells, activation of MAPK and PI3K/Akt pathways led to dose-dependent downregulation of antiapoptotic Bcl-2 both at mRNA and protein expression levels, whereas proapoptotic Bax was upregulated (Fig. 5) . Meanwhile, the levels of apoptotic executor caspase-3 protein in CNE2 cells were elevated with the concentration of YYJ18 (Fig. 5A) . Therefore, we concluded that Bax, Bcl-2 and caspase-3 might be downstream targets of MAPK and PI3K/Akt pathways, resulting in YYJ18-mediated apoptosis of CNE2 cells. 
Discussion
Apoptosis is a tightly regulated cell suicide process that plays a critical role in the development and maintenance of tissue homeostasis. Due to uncontrolled proliferation of cancer cells, one of the important properties of anticancer drugs is thought to be successful proliferation inhibition and apoptosis induction [17, 18] . It is reported that promotion of apoptosis is partially responsible for cancer suppression caused by some dietary phytochemicals such as matrine, which provides a new therapeutic strategy for reducing the incidence of cancers [19] [20] [21] [22] . However, several experimental studies showed that not all phytochemicals are good options to prevent the development of cancers because of underwhelming anticancer activities and toxicity problems. Matrine is a natural compound extracted from Sophora flavescens Ait and exhibits antitumor activities in various cancer cell lines. Similarly, we have demonstrated that matrine inhibited proliferation and induced apoptosis of NPC cells in vitro, but the concentration (1.5 mg/ml) was so high that may not be achieved in the clinical experiment. So we synthesized 14-thienyl methylene matrine to reduce the dose and the possible toxicity. Considering that 14-thienyl methylene matrine is a derivative from martine, we speculated that YYJ18 could also exert inhibitory effect on growth of tumor cells. The present study aimed to investigate the effect of YYJ18 on NPC cells. As shown in the MTT assay, the proliferation of CNE1, CNE2 and HONE1 cells was all markedly inhibited in a dose-dependent manner when treated with YYJ18. Furthermore, the pro-apoptotic properties of YYJ18 were determined by flow cytometry. The results revealed that YYJ18 was able to dose-dependently promote apoptosis of CNE2 cells, suggesting that YYJ18 may be a potential candidate agent for treatment of NPC.
To explore the mechanisms through which YYJ18 induce apoptosis, the changes in the expression of several apoptosis-related proteins were examined in CNE2 cells in the present study. MAPK signaling pathway participates in diverse cellular activities, including cell proliferation, differentiation and survival [23, 24] . MAPKs mainly consists of ERK1/2, c-Jun N-terminal kinases (JNKs) and p38 MAPKs. It has been confirmed that inactivation of ERK1/2 and activation of p38 are involved in triggering mitochondrial-mediated apoptosis in cancer cells [25, 26] . In accordance with these findings, we here found that YYJ18 inhibited phosphorylation of ERK1/2 in CNE2 cells in a dose-and time-dependent manner. On the contrary, dose-dependently increased p38 phosphorylation was observed with treatment of YYJ18. Besides MAPK pathway, PI3K/Akt pathway also plays an important part in cellular growth, metabolism, proliferation, survival, migration and apoptosis [27] . As a major downstream kinase of PI3K, p-Akt is a well-known anti-apoptotic protein, downregulation of which can prevent the development of cancer [28] . Accordingly, when CNE2 cells were pretreated with YYJ18, the expression levels of p-Akt were reduced in dose-dependent manner. Therefore, we believe that YYJ18-induced apoptosis of NPC cells is achieved through selective regulation of MAPK pathway and inactivation of PI3K/Akt pathway.
Next, we detected activity changes of downstream targets of MAPK and PI3K/ Akt pathways. Bcl-2 protein family could control the outer mitochondrial membrane permeabilization, regulate cytochrome C release in the cytosol, and finally alter the activities of caspases [29] . The Bcl-2 family members can be divided into anti-apoptotic proteins (e.g. Bcl-2, Bcl-XL and Mcl-1) and pro-apoptotic proteins (e.g. Bax and Bak), which determines the commitment of cells to apoptosis [30, 31] . Both MAPK and PI3K/Akt pathways can phosphorylate and regulate the expression of Bcl-2 and Bax. It is demonstrated that inactivation of ERK1/2 and activation of p38, Akt could subsequently mediate upregulation of Bax and downregulation of Bcl-2, activate caspase-3 expression, and finally trigger the apoptotic pathway [32] [33] [34] . In present study, following selective regulation of MAPK and PI3K/Akt pathways, YYJ18 significantly enhanced Bax expression and suppressed Bcl-2 expression. In addition to this, the caspase-3 protein was increased in the apoptotic NPC cells with treatment of YYJ18, confirming that Bax, Bcl-2 and caspase-3 function as downstream targets of MAPK and PI3K/Akt signaling pathways.
